
ラプラス演算子の極座標表現 
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{
𝑥 = 𝑟 sin 𝜃 cos𝜑
𝑦 = 𝑟 sin 𝜃 sin𝜑
𝑧 = 𝑟 cos𝜃

                (2) 
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 まとめて行列表現すると 
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これはまた 
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∴ ∇= �̂� (
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∇𝑟 = �̂� sin 𝜃 cos𝜑 + �̂� sin 𝜃 sin𝜑 + �̂� cos𝜃 

|∇𝑟| = 1    ∴ ∇𝑟 = �̂� 

∇𝜃 = �̂�
1
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|∇𝜃  |  =
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𝑟
      ∴ �̂� = 𝑟(∇𝜃)  
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sin𝜑

𝑟 sin 𝜃
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𝑟 sin 𝜃
 

|∇𝜑 |=
1

𝑟 sin𝜃
   ∴= 𝑟 sin 𝜃( ∇𝜑 ) 

∇= (∇𝑟)
𝜕

𝜕𝑟
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(
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sin 𝜃 cos𝜑 sin 𝜃 sin𝜑 cos𝜃
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𝜕𝑟
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= �̂� cos 𝜃 cos𝜑 + �̂� cos 𝜃 sin𝜑 − �̂� sin 𝜃 = �̂�

𝜕�̂�

𝜕𝜑
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𝜕𝑟
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